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SUMMARY

The Anopheles gambiae complex includes si« morphologically :dertic3l speciess two
of which (A, gambiae and A. arabiersic) are the primary African malaria vectns
today. Since two or more of the species are commonly, sympatric, epidemiological
studies to determine the 1nvol.ement of each 1n malaria tranemissior tave been
difficult. This report describes our efforts to develuop a DNA probe tu distin-
guish A, gambiae from R, arabiernsis. The DNA probe 15 a fragment of sONA from &,
gampiae which cisplays an RFLP whern the two species are compared by Scuthe n ara-
lvs:.s. Thus far the prohe has proven to tie e«tremel, serciti. e -i1rnie 1% 35 L
used esen Wittt shert e-pusLres to Cl1agrnoaé 103, acduit masjuitoes 'o par te
therenf i Lf roth gsexee, i@ vae and Lupde o & S1m1Ldr .y 84Sy T Tretinglie,

Spec .mens tept dessicated at room temparature for g lang as nine montts 030 he
grnreil, We ha.e demargtrated trat the [hNe prole method Tar aisc Ue eadl.. LeRd
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FOREWORD

Studies with Recombinant DNA: The 1n.estigatoar has ab:ded b, the National Inst:
tites of Health Guidelines for Researact Involving Recombinant DNA Molecules
(Apr1l 1982 and the Admin:strative Practices Supplements,

Fmory ‘Iri1.ersit, Binsafety File No. [«2-3S
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1. Statement of Problem Under Study: The two major malaria vectors, R. gambiae
and A. arabiensis are morpholeogically indistinguishable (1,2). VYet biolasgical
studies indicate that these two sympatric species may not be equally involived in
malaria trarsmission in those areas where they co-exist (3,4). Therefare, the
resolution of a number of important epidemioclogical question concerning their
rcle 1n malaria transmission 1s currently impossible. Epidemiclogical studies
require a reliable means for <pecies 1dentification of individual fiele speci-
mens. Mareaver, these individuals must also be assayed for the presence of the
malaria sporozorte. Presently. the only completely reliable means for species
identi1fication of adults i1s hased upon examination af ovarian nurse cell polytene
chromasomes (9). Alternative procedures based on enzyme electromarphe or those
based on cuticular hydrorarbon profiles (5) are not reliable. Clearly, there are
nurerous reasors why aeither enzyme variation no- HPLD are practical epidemioizg-
1cal tools for field specimens. Thus far., however, several reliablc immunologi-~
csl procedures to assay sporozoites in dried field specimens have just been de-
«eloped (7-11). Therefore, a very useful addition to these epidemiological fools
wauld be a3 mears »f reliably i1dentifying the speciec of individual dried mosqui-~
toes. Tnis -eport will discuss our current effarts which have resulted in the
deve.conent of a relisble <pecies ascav.

2. Backyrcound: Manv of the major malaria vectors are memhers of cspecies cam-
riexez, for 1natances A. culicifacies 718). &, leucosphyrus (13). and ths A, “ar
ast1 s:biing sesi1es (14). In these camplexes, as well as in the A. gampiae com-
nlexy ~eliable species identification 0f 1ndividuals 15 currentiy tedicus and
1fficult. Since malaria continues to ~epresert a major worid health protles,
enidemiclogical studios with these cpecies i3 crucaial,

Dor etudier forused on two aympatric species, A. gambiae arnd &, arabiencic. bz
crepesal c,pothesized that the genomic DNA of thece twd species currently difr1e-o
yoma, s that would permit reliable species identifica

3. Iwosartroslar. ee
ecudtt o to develen a epecies daifferentiating assav based unnrn rectrictinan fragre

itength nolyre pDhizr 35 detected by either hele ol-jgous 2r erelrec-zrecito.
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least 200 copies per genome arranged in a few large tandem assays (18). There-
fore, the rDNA genes possess the ability to yield useful RFLPs as well as
species-specific sequences. both of which would be the basis for a diagnostic as-
say.

4. Experiments and Recults: Development of a single mosquito species assay used
to distinguish A. gambiae from A. arabiensis. The strategy employed in thic work
wacs to quickly i1dentify portion(s) of an rDNR gene in A. gambiae which were non-
coding regionzi i.e.. the introns and spacers. Such non-coding DHA fragment(s)
would then be the basis for further studies tc determine whether they could re-
veal an RFLP 1n A, arabiensic DNA.

‘1) Isolation of a diagngstic cloaned rDNA fragment. An A. gambiae geromic 11-
trary was screened withk a Sciara coprophila rDNA clone (19) which zontains one
complete cistron. Tnirty-two A. gambiae rDNA-containing phage were 1scliated snc
cplected faor furrther analysis. These clones were restricted with various enzymes
and subjected to Southern analvsis, 1 order to find nonconserved regions trat
right be used tn reveal differences between the cpecies. “he blots were trere-
frve proked with Sciara rTNA whirh 1€ nat expected to hytridize to fraugments from

the narZonser .24 regicns Restrictior fragmerts from such regiocne (those nat b, -
traddic1ng o the Scia-a probe) we e ther 13olated fror gels and ucec t¢ probe je-
ompe Seuttsin blote of KL ogarbiae s fL acabthiensae DHAL O Clone Mgelc. shows @

T1gare s was foond to cortate a ©.95kh EcoPRl-5%«4ll restrictinr fragment whigh
consietently, chowed a different pattern of byt tization ta A, gembiaz .erzus &,
arahaensis geromis DNGL. The ©.390h EcoRT-3al! fragment 15 very, close to the =
termincg ¢ the 283 v eglor af the mogsquitn ~DNA crstron, Hybr-:idization 57 the
cr o oard Talliphora probec 1a ey weatr ir thas vegion, suggesting e low Tegree

fereer al.oy ser rhis fragment 1S faighly C3ocser ved amcng gifferent gecgraghc

olate, of the rheee rember coeCles 10 the O gemblae cample  thuse Tar eamined,
coBT-Ea0l gesor oo digecte arsariatly show the OUDolE fragrent. and ttere (o w

soocdeace T detestat e tesels of inter Cizbtoonac o vaciation g o S1ther of these
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Fig. 1. Z\Agrl12 Restriction map. The approximate locations of the 185 and 285
regions were determined by hybridization with heteroloqous Sciara rDNA (pBC2),
kindly provided by S. Gerbi, and Calliphora rDNA (pKB-42 and pKB-33), kindly
provided K. Beckingham. '\ Agr12 contains slightly more than 1 rDNA cistron, in-
cluding the NTS. The dashed line indicates weak hybridization to the heterolo-
gous probes. The .3%9kb EcoRI-Sall restriction fragment which reveals a diagnas-
tic restriction fragment length polymorphism between A. gambiae and A. arabiensis
is shown as a darkened bar.
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Fig. 2. Hybridization of pAgri2A to EcoRI digests of single dried female mos-
quitoes. Species and geographic origin ot specimens are as follows: (1) A.
melas (The Gambia), (2) A. arabiensis (Sudan, SENNAR colony), (3) A. arabiensis
(Sudan, G/MAL colony), (4) A. arabiensis (Kenya), (9) A. arabiensis (Burkina
Faso), (&) A. gambiae (Tanzanial), (7) A. gambiae (Zanzibar), (8) A. gambiae

(Kenya), (9) A. gambiae (Nigeria), (10) A. gambiae (l/he Gambia, G3 colony).
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tion in A. arabiensis and A. melas are probably due to inter-cistronic variation 3
in the spacer region. =
In summary, specimens decsicated by a very zi1mple nethod show no £vidence ot LY
DNA degradation even when stared at roam temperature for asz locng as nine months, o
Moreover, 1n other preliminary exper:iments we found that ather [i1fe stajes zuch ~3
a¢ second instar larvae and pupae (and obivigusly both ce-«ec) are readily scared :
b, the DN/ probhe. :
{i11.. Genomic location of the diagnost:ic probe, Organizat:on cof the rphd :
cistron appears to be the same in both malew and females. s yudged oy Scutne-n \
blots of male and female DN, Howeve:r, the intersit. f hynecrcication of 0Agr i 2A N
to genomic Southern blots, as shown in Tigure 3. indicates that males ha.e a X
smaller rumber of total copies, which 1¢ e.pested 1f the vDNE genecs res:ide on “re
L chromosore. A, gambiae-A., arabiersis nybrid female mosguitces rea-ed 1n the h
laﬁoratcry contain both of the parental typec of rDNA cistrons (Faig. #'. Male -:
hyirids, on the cther hand, :how the cistron siructure of the ferale pa ent. n- K
d1cat:mg that tne PMN& genes are locat=g primariiy if rot esclusively on the 7 f
chrompsome.  This finding Cirectly ascociates the diagnastic probe with that part .
of the mosauite genome (the Y chraomosamed currently uced as the basis for cvtoge- y
netic specziation. -
(i), CTempataibilit, of the UNA probe method with the sporoioite ags4, an }‘
plood meal analysis., Ir order to determire whether the probe could te used to f
ascad, <1ngle mosquitoes “or the presence of the malari1a parasite. we obtasrwed a -
wmbeo of field cpecimens which had beer dessicated for at least 14 xaathz,  Tte ¥
“aut g0 that Dr. Caelline retained tho head 2073 *rFovas tav bt e =oc -
210 and we tezted the abdomnsrs.,  The resaltis. zshzen 0r Table 1, .
Fragnasty probe can veadil dx%t;ungsr cpE 1es o7 cols oant }:
Zimen,  The poaoortion: of gamblag end aratiencis o Awembco ab o ov -
1o lar ba those fFound by otrer warkers,  Sinne these sl 17E0S aE 8 }‘
St E Looard ws did these eqpesimente st o3 time wheo aur DG 2 dractian poacte -
ture hat ot Leen sptielczeds there ate a3t anallentatiie Lmite o ezl gy )
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Fig. 3. Hybridization of pAGri2R to single dried male and female mosquitoes or
mosquito abdomens. Lane (1) A. gambiae female, (2) A. gambiae female (blood-

fed), (3) A. gambige female (abdomen only), (4) A. gambiae male, (35) A. arabien- B

A. gambiae-A. arabiensis hybrid female, (10) A. gambiae-A. arabiensis hybrid 4
male, (11) A. arabiensis-A. gambiae hybrid female, (12) A. arabiensis-A. gambiae
hybrid male. Ffemale parent is listed first for all hybrids. DNA from a single W
abdomen is clearly more than sufficient to make a species identification. Fur- s
thermore, the presence of a blood meal in the abdomen does not significantly re- ‘
duce DNA yield. Dessicated individual pupae and larvae (all instars except the

first) can also be readily speciated. A
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Table 1. Result of testing abdomens of A. gambia complex mosquitoes
collected in Asesbo area of Kenya in October 198S. &
'
____________________________________________________________________ ™
L]
| "
| [
Species = DNA -
' not '.
Abdomens from: A. gambia A. arabiensis ! readable
_________________________________________________________ -.--——______.
! by
! \
Plasmodium talciparum ! f
intected mosquitoes 7 C79%) 17 (27%) | 2]
j
E 3
Uninfected mosquitoes 78 (49%) 80 (91%) ; 19 o
| >
Cd
Note: percentages are based on specimens which were identified as to :
species. [he sporozoite assay (21) and DNAR probe assay were per- 2
formed in December 1986.
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Figure 4. Map of Kenya showing locations from which specimens were

obtained.
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F}g 5 |
Octanol dehydrogenase electromorphs found in the Kenya
flield samples. Lane 1, A. g[ab'ly ensis from the G/MAL ‘
colony; lanes 2-3 are A. arabiensis from Ahero; lane 4, is X
an A. arabiensis (G/MAL) x A. gambjae (G3) hybrid produced

{n the laboratory; lanes 5-7, are A. gambiae from the G0-66 -

colony established with specimens collected in Gombe. ”
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Figure © Hybridization of the pAgll2A probe to EcoRl digests

field-collected specimens. Lanes 1-5, individual
mosquitoes from different Ahero famillies; lanes 6-9,

individuals from Gombe families.
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Table 2. DNA probe and Odh isozyme analyses of Angopheles gambjae complex

mosquitoes from Kenya.‘ :
Location Probe-Checked Families ODH Alleles Present :
No. Probe Result 90 95 98 100 105 !
Ahero 1l A. gambjae + o
3 A. arabiensis + 4+ .
1 A. arabjensig +
1 A. arabiensis + + ‘
.;
Asembo 1 A. gambjae + +
8 A. gambiae + !
1 A. sambiae . e 4
1 A. arabjensis + + + s
1 A. arabiensis + .
1 A. arabjensis + o+ 4 ;
4 A. ;u_b.una' is + + f
3 A. arablensis +
. :
Gombe 10 A. zambise . -
1 A. arablensia + + +
1 A. arabiensis + +
1 A. arsbiensis .. + ‘.
1 A. arabiensis + + :
1 A. arabiensis v s y
Sabaki [ 11 A. zambiag *
1 A. xambiae + . i
25 A. arabiensia . g

s Results for material from Ahero, Asembo, and Gombe represent analysis "
of at least two mosquitoes frum each family for DNA type and an .:
additional twvo mosquitoes tor Odh {sozymes. Results for material :

B

from Sabaki represent DNA probe and Odh {sozyme analyses cn single .
mosquitoes (the abdnmen being used for Odh analysis and the .
head-thorax portion being used for DNA typing). :
.
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COLLECTION
SITE

ZIMEBABWE

EENYA
Ahero
Asembo/Boi

Table 3. Results of testing individual field specimens by DNA probe and cytogenetic methods.

DNA RESULT
CHFOMOSOME - -~ ==~ e
FESULT SAME AS DIFFERENT FROM NOT DONE OF
CHREOMOSOME ZHROMOSOME MOT FEADARLE
arab. <10 10 O )
quad. (413 41 O Q
arab. ¢30) 76 9 4
arab. 28} =5 1 CA. gamb.? 2
gamb. ¢88) 70 1 CA. arab.? 17
-] i~
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